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mission qﬁu ﬂmnammimséamamﬂuﬁmau,
marker ﬁﬁwﬁmﬁwﬁaﬂ%ﬁwanmséam‘namaé

95908 MIUNNDW09 MDR-1 (multidrug resis-
tance-1) Wednsemaigideiafinm P-gp ex-
pression U plasma cells iuﬂu1ﬁnzjuﬁ

P-gp \Ju transmembrane glycoprotein ¥
whinfeutiasiuendefimsasanme lwzad
szSswanlumeven’ maUsingues P-gp T lym-
phocytes TasauLNGaziaend 1% msﬁﬁszo‘w’uqa
nrund wildhurodineriaenneiia 1 anthra-
cycline, vinca alkaloid, epipodophyllotoxin,
mitomicin, mitoxantrone HWav pa<:litaxel3‘4
wnmemssnn lutlagiiu fe wenenaftae
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3wy P-gp Umnglueuld MGUS® olugfiseds
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MM (usmidasiy, IMInefindesnm, Ansiams
S, naiindudiulngd uazenld amyloidosis (
usTiadt uasmdanlaFumsSnw) qmagmmmﬁa
Faamsugasiiuimsunngeas P-gp i
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1 718 amyloidosis Alllesueshinge 7 e amy-
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fienaeay plateau phase 1w MM fa slseeiy
284 M-protein Ua¢ plasma Ll wAunh 25%
LLavaaJﬁ’MﬂﬁSuﬂ TN (bone pain, hypervis-
cosity syndrome, hypercalcemia, renal failure,
plasmacytoma) fenuaslsefisaenieditte e
fHyéaes M-protein %38 plasma cells Fadvenn
T 25% sewihafi dSuen viadaomsiug 1o
de Aensmoangailsendudulusl o fmadisdu
M-protein Ven) plasma cells NN 25% 38l
Mo ‘é’;uo’w’wmwﬁmnﬂsﬂaeﬂuizus pla-
teau phase

ftnawas amyloidosis Taylusveras fo &
J¥AUL8Y M-protein Wi plasma cells Lﬁ'u‘ﬁu\m
s 25% warbiflemsdug e (heart
failure, renal failure, neuropathy, gastrointestinal
tract involvement) ﬁmmaqnduﬁ:éadam fio &
3Y9U789 M-protein 38 plasma cells 8NN
26% vaRamstue sandasenialdsuead
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G2A0AN (Controls)

s KG-1A {u positive control \fl4 human
leukemic cell line %dfl MDR expression 1o EJL?:&N
'l RPMI 1640 (BioWhittaker; Walkersville, MD)
ey 10% FCS, 4 mM glutamine, 100 U/mL Peni-
cillin, 0.1 mg/mL Streptomycin I@UL‘daéﬁ]xQn
subcultured W medium Wi 3 efasaofing
d W5V negative control 1 KG-1A cell line %39
wadauSosauliild non-specific, isotype
matched immunoglobulin 4 specific mono-

clonal antibody Oh) P-gp
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MeeFLNTAR (Cell preparation)

N mononuclear cells mﬂ‘l‘umzﬂuﬂ%ﬂ%
Ficoll gradient mnﬁ”futfﬂaéamnﬁuﬁqmmﬁﬁmdw
’«qmﬁamﬁd (cryopreserved) T freezing media VII
15tnaueey 10% DMSO W4 RPMI (10% DMSO,
50% FCS, 40% RPMI, 4 mM glutamine, 100 U/
mL penicillin ta¢ 0.1 mg/mL Streptomycin

\gadargn thawed Uavd90nY PBS/1% BSA
PN aliquots TAUSEANTA 1 & WTRA incu-
bated 3-10 mﬁﬁqqu;‘iﬁm \IAAALYN perme-
abilize ¢ FACS® brand lysing solution
(Becton Dickinson; San Jose, CA) 1:10 Y333
2 mL Fawfiavdioaigng UIC2 monoclonal antibody
(MoAb) 3miiudnadae PBS

gmsumationdt MRK16 antibody 1aday
Qn thawed waednalag lalle lysing solution
mstiandadan P-gp (MRK16, UIC2) Wae CD38,
CD45 MoAb

#33uld CD38-PE uay CD45-PerCp MoAb
(Becton Dickinson: San Jose, CA) élumiu'd%
plasma cells ‘7}0 MoADb GINa1IALAUNY surface
antigens ﬁaq'uwfﬁaé (plasma cells aLdl CD38+/
CD45- %39 45 dim)

mawsstgadvaseulivinles incubated lu
10% human AB serum # 37 'C i 15 wif
aniuld primary MoAb (MRK16, UIC2) (1919
#11) 100 mL acluusiaz tube way incubated Wi
30 Wi 4 °C MoAb Al antigen agnéng
29N 3 ﬂ%\‘ﬁw PBS/1% BSA 2 mL, 161' secondary
antibody [FITC conjugated F(ab’) fragment of
goat anti mouse immunoglobulin: Sigma Bio-
science; St Louis, MO] incubate 20 WTLAIA
pan fixed Mo 0.5 mL 1% paraformaldehyde
10 wifntiuddness 16 CD38-PE oy CD45-

PerCp10 mL adluudas tube, incubated 25 Wi
7i 4 °C n¥enda 1 ﬂ';’wnaéazgn resuspended
T 0.5 mL 1% paraformaldehyde L\ analyzed
drelisunsy CellQuest Tnena3na BD FACScan

(Becton Dickinson, San Jose, CA)

@5197 1 Monoclonal antibodies for drug resis-

tance makers used in this study

P-gp MoAb
Clone

MRK16 UIC2
Isotype IgG2a IgG2a
Specificity extracellular  extracellular

epitope epitope
Vendor Kamiya Immunotech

Tukwila, WA Westbrook, ME

Lot No 001AL 02
Concentration 150 WUg in 2mg/mL

300 pL
Dilution 1:50 1:10
msudsna

Qﬁﬁﬂiﬁﬁmu@m resistance index (RI) e
\WRHUWBUMILTINGY0Y drug resistance markers
swnaadvasauldiay controls lawen RI
Sodmray geometric mean Jwhaadauld
[rademld +specific antibody (MRK16 %38 UIC2
MoAb) + CD38+ 1y CD456-/dim gate] Wae con-
trol [L‘ﬁaa‘ﬂu‘lﬁ' +non specific IgG+(CD38+ Uay
CD45-/dim gate)] siidasgnussdiwindiuanida
RI snnnwisawiiiy 2.0 lasldendnanisanansn
Funaiumau/Aeuasas fluorescent intensity
289 P-gp expression FnnTmatheauiia
Wisusuiy control
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NREWS
@ resistance index (RI) lay MRK16 uay
UIC2 MoAb luauld MGUS u 1.08-2.18 uay
20567 Madd (Meft 2) Siesenld 1/8 10
Flkeniduinniiald MRK16 way 8/8 selieiiha
vindiold Urc

maef 2 P-gp expression using MRK16 and
UIC2 MoAb in monoclonal gammopathy of

undetermined significance (MGUS)

Pt. Age Sex Type %PC* MRK16 UIC2

No. RI* RI
1 69 M GL 10 1.38 2
2 49 F GL 5 218 203
3 45 M GK 6 1.08 2
4 48 F GK 122 12 442
5 67 F GK 63 138 467
6 49 M AL 2 125 567
7 61 M GK 4 143 512
8 36 M GK 143 111 483

* %plasma cells in bone marrow (mononuclear cells
preparation)

* resistance index

Ty NINAFEAIENA UaLaAL

1 RI diold MRK16 uay UIC2 MoAb luemld
plasmacytoma (U4 1.08-1.8 Uag 3.15-5.46 (M3
7 3) iflewldnalaliinnnidald MRK16 usinn
swlenidield UIC2 Moab

a1 Rl lauld multiple myeloma 1w 0.86-
277 uay 1.087.07 dold MRK16 uay UIC2
MoAb enuanetu flemldiies 1/19 melieunie
1% MRK16 MoAb (RI = 2.77) waeiliies 1/19 3¢
reiifiuan el UIC2 MoAb (RI = 1.08) (319
i a)

a1 Rl weuld amyloidosis Wal¥ MRK16
MoAb whifu 14-2.63 Renld 3 efilenifivuan
Ine RI whify 222, 245, uae 2.63 auldnmmalsien
Fhuuanidleld UIC2 MoAb (RI = 2.06-7.2) (s
5)

liflenudiutseningm R fuwosiaudaas
plasma cells hﬂu‘l‘ﬁ/ﬂqﬂﬂdu

@ RI 1w positive control cell line (KG-1A) &3
augiuaadenld wihiu 157-1.60 eld MRK16
MoAb uashifL 3.05-3.08 iald UIC2 MoAb

@ RI 289 myelocyte/metamyeloctye Wiy
1.24-1.6 §i8 1% MRK16 MoAb wasiviifu 1.32-1 65

maA 3 P-gp expression using MRK16 and UIC2 MoAb in plasmacytoma

. . MRK16 UIC2
Pt. No. Diagnosis Age Sex Type %PC*
RI* RI

1 PCM"¥-sacrum 50 M K 12 1.8 3.33
2 PCM-fibula+groin 64 M AL 46 1.78 5.46
3 PCM-testis 55 M GK 08 1.38 4.56
4 PCM 40 M neg 14.5 1.08 3.1
5 PCM 79 M GK, ML 3.3 1.68 3.63

* %plasma cells in bone marrow (mononuclear cells preparation)

* resistance index

¥ plasmacytoma
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9191 4 P-gp expression using MRK16 and UIC2 MoAb in multiple myeloma

Pt. No. Age Sex Type Condition %PC MRK1e - Uicz
RI RI
Pre-treatment group
1 76 M K idio BJPuria*->MM, no Tx 75 1.29 2.00
2 77 M AL 1st Dx, no Tx 25 1.47 2.07
3 75 F X MM, non secretory, no Tx 33 1.33 4.31
4 35 M GK SMM, no Tx 16 1.29 5.40
5 70 F GL MGUS->MM, no Tx 30 1.28 7.07
6 48 F GK MGUS->SMM no Tx 14 1.22 5.64
Stable disease
7 60 M GK still on MP* since 8/95 stable 5 1.50 2.50
8 44 M VBMCP* 6/94-6/96, IFN 7/96 stable 11 277 2.04
9 59 F on Tx VBMCP 16 0.86 4.00
10 61 M GK stable on MP 92-93, 1/96-8/96 8 1.07 4.36
11 52 F GK VAD™ x7, stable 10 1.19 2.36
12 44 M GK on Tx CD" stable 9 1.18 2.59
13 63 F K MM (non secretary) on MP 91-93 5 1.15 488
Refractory group
14 71 M GK MPx3 periods, 4/90-10/96 45 1.10 5.40
15 69 M K MP 6/95-8/96 refractory->VBAP*10/96 17 1.33 1.08
16 64 F GK refractory to MP and fludarabine+CTX 30 1.29 2.38
17 42 M K VAD from 4/96 till now (9/96) 65 0.95 6.36
18 7 M GK refractory to MP 63 1.25 421
Relapse group
19 80 M GK relapse 50 1.44 244

*

idiopathic Bence Jones proteinuria, ® melphalan+prednisone, *

vinblastine+bleomycin+melphalan

+cyclophosphamide (CTX)+ prednisone, ™ vincristine+adriamycin+dexamethasone, M cyclophosphamide

-~ : 5 ; :
+dexamethasone, " vincristine+bleomycin+adriamycin+prednisone

Ls‘jacl.% UIC2 MoAb %ﬂ‘ffﬁ]u internal negative
control 1 RI 1091788 lymphocytes Y1y 1.54-
2.04 §iol¥ MRK16 MoAb uasiviiy 2.4-5.19 e
1% u1c2 MoAb Tupwlddmim 5 neifiduliay
UM fresh specimen WA cryopre-
served cells wuhaulivnmeilewanideld

fresh sample %&lﬁﬁhmmﬁﬂ% cryopreserved
cells Tushaehafiiumdasi Lislewldsnelodilsien
udiold fresh sample ndvlsien nndield cryopre-
served cells uaelifiawldneloflsienniiold
fresh sample ﬂﬁﬂﬁmmmﬁasﬁ cryopreserved

cells
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mmﬁ 5 P-gp expression using MRK16 and UIC2 MoAb in amyloidosis

Pt. No. Age Sex Type Condition %PC MRKiS - vic2
RI RI
Pre-treatment
1 47 F L noTx 13 1.89 2.05
2 77 M 1st Dx no Tx yet 6 222 2.38
3 47 F GL  1st Dx noTx yet 9 1.56 2.60
4 68 M GL  1st Dx no Tx yet 1 1.40 2.40
5 74 M 1st Dx MP x1 course 15 1.60 213
6 61 M L Dx 8 mo ago, no Tx, slow progress 8 2.45 7.20
7 71 F GL  1st Dx, no Tx yet 11 1.80 6.39
Stable disease
8 49 F L stable after VBMCPx2->HDdexa* till now 1 1.67 5.22
Refractory group
9 54 F L MP1/96 til now, progress 6 1.63 3.82
10 57 M MP x7 no response 5 1.67 3.0C
11 48 F MP x6 till now, progress 1 2.63 5.56

* high dose dexamethasone

ERRLI

wihmslfinfithiassnsnaasanns plasma
cells, 805U monoclonal Ig WALAMRIMIENF) 161
wu methanszgn athlafionsdiewldtiored
mmsmﬁq‘ complete response \16'1', induction
therapy 1ne/l¢f standard regimen &30 Ik
\i@ objective response Iies 40-50% Tuauld
MM Adelieeldgumssnmsnnons© auldd
sasnagflu remission Iifuwam 5 Tiuanida
Snwuiiies 20% warethation 30% vasanld
MM mauavessamsinmn e biduinaladou

11,12

induction chemotherapy'™? uatlaevilanlday

Feinlneisarsonnattsyanm 3 Tiuannlesu

13-16

meAfese ™ whheulddmvgasmevauastoms
S lugaausn udsinasditiymndudulmsiuasio
sotneininlunmean giuldvmedinmn p-

gp 10el% MoAb 2 sfiafifanaluvinsnaadiadiu

ﬁ?ﬁd%ﬁd MDR-1 expression ‘lumi%’ MGUS,
PCM, MM ua¢ amyloidosis 5¥8/£§199) Lﬁagdw
mmsmza%‘mqué’nwmzmiéammm plasma
cells 1%@%‘1% monoclonal gammopathy \lﬁw%a‘lsi?

%34 MRK16 wax UIC2 MoAb ievmanms
289 P-gp WUie ¥ MRK16 MoAb a¢lwaan
Tuenlfidien 5 Tu 43 0 udenldifouynae 42/
13) Wiwandield UIc2 Moab, Tungn UIC2
MoAb waaaqN fixed el FACS® brand lysing
solution #mexnwh UIC2 MoAb &350 4n93am

17.18

surface epitope %849 P-gp 107" uasATEnums

14 neuraminidasefu fixative reagent 1sans0

enhaunce surface P-gp antigen i"*%

1NM3
finnanagieluafiawuhmsld FACS® brand
lysing solution m;mmﬂlumsmwwu P-gp VLﬁLﬁa
1# UIC2 MoAb uer MRK16 MoAb? lum+3iuess

Aflasnnnmationlaeg MRK16 MoAb l@naraudna
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gou {iseAditayanléanmsld uic2 Moab lu
Mskswa, 1 RI 989 P-gp wanld plateau phase
MM ynaudeiaund 5 (2.04-4.88) usiueuld

e
o MGUS
MRK16

©
8 controi i
5 < 3 GM13.1 patient
] GM 19.7

N

(=] it

10° 10" 102 102 10?

Fluorescent Intensify (log scale)

3
Q UNTREATED MYELOMA
MRK16
28
g - control patient
« GM17.7 GM23.2
e

10 10 10 10° 10
Fluorescent Intensify (log scale)

3
"1 REFRACTORY MYELOMA
2 MRK16

g 8

3 Q controf patient

GM 24.5 GM19.2

0 1 3

102 10

10 10

Fluorescent Intensify (log scale)

refractory MM 2/6 TIN5 (5.4, 6.36) (3

P v - A a4 o A

71 1) ToyatilunTastuiuimais P-gp 819y
X i o dda X i d

Fuaumsaaenathoilsfifioiussnnafionld

10

MGUS
uic2

controd
GM 12.3

N

patient
GM67.8

Fluorescent Intensify (log scale)

8 .
g UNTREATED MYELOMA
uiC2
28
g control patient
& GM 28.5 GM 204.9
B k
= _
100 10! 10 100 10?
Fluorescent Intensify (log scale)
8
REFRACTORY MYELOMA
3 uUic2
8
Conirol patient
? GM (9.0 GM 149.5
8 N
4

Fluorescent Intensify (log scale)

jﬂﬁ 1 Show P-gp expression using MRK16 and UIC2 MoAb detected by flow cytometry in MGUS,

untreated myeloma, refractory myeloma, refractory myeloma. (GM = geometric mean)
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Iesuenadivtin, ot plasma cells Tuly
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833°7 pnavhsausiseeaausnuadlse
@ RI 904 P-gp wauld MGUS way PCM
whifu 2.0-567 Uay 3.15-546 enudeiy 1l
AANTOLNANNUANGITENIN MGUS, PCM a0
MM wirifaselalaeld P-gp expression $aeAaf
nemudihadu namsdfuafstoeuansnsanms
Anwowi dnefiaes immunohistochemical 39
WuUhsefUTed P-gp axgeluenld MGUS snnnh
anld MM Figiolailsumasne
mﬁ%}’y%m‘il,LamﬂﬁLﬁmwﬁﬂﬁﬂ'ﬂna‘uad MDR-
1 U4 plasma cells hﬂu\l%nﬂﬂa:Nﬁﬁ monoclonal

gammopathies UALNANNUANG9YBITLHU MDR-

1 Wisadntiesluenld MGUS, PCM, MM uax
amyloidosis aghalsfimuanld MM faadatnied
il 2/5 Twfisdty P-gp gerrheuld MM fioeflu
st plateau phase foaadionanmsletums
futiulaeld serial studies MU fresh cells
smiwauAneemi functional assays Avg b
ety

louaguenld MGUS, PCM, yinstezeas MM
Wae amyloidosis NUYNEAsLAIYDI P-gp zjﬁu
meldmsmeaasiafinandnedu Jeormiuaios
L malignant plasma cells ﬁm‘séam?ﬂ%ﬁuagj
Gluﬂaa;ﬁué?qu@iﬁaumﬁnm uazanaTwmgHavils
fazobinerivinban bimansovileuldidng com-
plete remission I¢éetiafinilefia|4iuarlu

479 induction
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Is Multidrug Resistance (P-Glycoprotein) an Intrinsic
Characteristic of Plasma Cells in Patients with Plasma Cell
Dysclasia?

Wichean Mongkonsritragoon, Terry Kimlinger*, Greg Ahmann and Philip R Greipp
Division of Hematology, Department of medicine, Pramongkutklao Hospital, *Department of Laboratory Medicine, Mayo Clinic,

Rochester, Minnesota

Abstract : Multiple myeloma is not a curable disease, and most patients relapse after plateau phase.
Drug resistance is a major problem in effective chemotherapy in this kind of disease. Current
approaches are aimed at reversing or preventing drug resistance late in the disease. We studied a
drug resistance parker, P-glycoprotein (P-gp), in a total of 43 patients with monoclonal gammopathy.
This group included eight with monoclonal gammopathy of undetermined significance (MGUS_), five
with plasmacytoma (PCM), nineteen with multiple myeloma (MM, six newly diagnosed, seven
plateau, five refractory, one relapse) and eleven amyloidosis (seven newly diagnosed, four after
treatment). Using 3-color flow cytometry, a plasma cell gate was selected on the basis of CD38+/45-
(dim) staining and the population was examined for the expression of P-gp using two monoclonal
antibodies (MRK16 and UIC2). P-gp expression was positive on marrow plasma cells in 42/43
patients. The resistance index (RI) 1'1.1 these cases (range 2.0-7.07) is comparable to that in the
positive cell line KG-1A (3.05-3.08). These data suggest that relative resistance due to the P-gp
mechanism Is likely to be an intrinsic property of plasma cells in monoclonal gammopathies and
may provide a partial explanation as to why these diseases always relapse. Strategies for MDR
reversal need to be considered earlier in the course.
Key Words : @ P-glycoprotein ® Multidrug resistance (MDR) ® Monoclonal gammopathy

® Multiple myeloma ® Amyloidosis
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